Direct effects of phorbol esters and diacylglycerols on the T-tubule Mg(2+)-ATPase.
T-tubule membrane vesicles isolated from skeletal muscle contain a very active Mg(2+)-ATPase (EC 3.6.1.34) which is modulated by lectins and is located in the junctional region near the sarcoplasmic reticulum membranes (1). The effects of several prominent lipophilic agents upon the ATPase have led us to evaluate the action of diacylglycerols and phorbol esters upon the enzyme. The ATPase is inhibited by submicromolar levels of the phorbol ester, 12-O-tetradecanoylphorbol-13-acetate (TPA), and the diacylglycerol, 1-oleoyl-2-acetyl-sn-glycerol (sn-OAG), with K0.5s of 0.2 and 0.5 microM, respectively. Significantly, 4-alpha-phorbol 12,13-didecanoate (4-alpha-phorbol) the TPA analogue shown to be inactive toward protein kinase C (PKC), inhibited the ATPase with a K0.5 of 0.3 microM, and 1-stearoyl-2-arachidonyl-sn-glycerol, the preferred endogenous activator of PKC, was not inhibitory toward the ATPase. 1-(5-Isoquinolinesulfonyl)-2-methylpiperazine dihydrochloride (a membrane permeant PKC inhibitor) and peptide 19-36 (the highly specific PKC pseudosubstrate inhibitor) were both without effect upon the ATPase and did not affect TPA inhibition. ATPase activity was not altered under phosphorylating conditions in experiments using exogenous rat brain PKC. ConA protected ATPase activity against inhibition by TPA, 4-alpha-phorbol, and sn-OAG. Additionally, phorbol-12,13-dibutyrate binding studies demonstrated that the ATPase was capable of significant phorbol binding with ConA protection. The data are consistent with a direct and specific effect of phorbol esters and diacylglycerols upon the ATPase, without any participation of PKC. We conclude that the transverse tubule (T-tubule) ATPase is an alternate receptor for diacylglycerol and TPA in skeletal muscle and that the mode of action of these agents upon the ATPase (inhibition) is opposite to their mode of action on PKC (activation). The data demonstrate that substantial care must be taken in ascribing either cellular or subcellular effects of phorbol esters and diacylglycerols exclusively to the activation of PKC and that alternate receptors may exist. Criteria are recommended for the demonstration of PKC-independent modulation by phorbols and diacylglycerols.